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INTRODUCTION
Land application of effluent is a widespread method of municipal wastewater disposal and reuse in Florida. As of January 1980, more than 2,500 wastewater disposal plants in Florida were classified as using one or more land-application techniques (Franks, 1981, p. 12) . About 70 percent of the disposal plants use infiltration ponds, 20 percent use drain fields, and 10 percent use spray irrigation. Collectively, these 2,500 disposal plants apply about 150 million gallons per day of treated wastewater to the land surface throughout Florida. Many land application plants are located near high population areas where surficial aquifers are an integral part of the public watersupply system. Thus, the disposal of large quantities of wastewater, though treated, has the potential to adversely affect the integrity of public watersupply systems.
Because land application of effluent may adversely impact public water supplies, the State of Florida requires periodic chemical analysis of both the effluent and water from monitoring wells at these disposal plants (Florida Department of Environmental Regulation, 1983) . A critical concern is the lack of data on the organic composition of effluent and local ground water at these land-application plants.
Purpose and Scope
The purpose of the study was (1) to determine the presence and concentration of organic contaminants in effluent and local ground water at 15 municipal wastewater treatment plants in Florida that use land-application methods of disposal, and (2) to determine if organic contaminants from the effluent may be contributing to ground-water contamination in the immediate vicinity of the disposal plants.
This report describes the design of the two-phase reconnaissance program and discusses the analytical results. The scope of phase I (April through August 1983) included the sampling of effluent for organic analysis from holding ponds, percolation ponds, discharge pipes, and sewage outfalls at the 15 wastewater treatment plants. During phase II (October through December 1983), samples of the effluent and water from a monitoring well downgradient and adjacent to the land application area at each plant were collected for selected organic analyses.
Previous Studies
Few Florida studies have reported on the contribution of effluent to organic contamination of ground water at land-application plants. In 1983, Yurewicz reported results from organic analyses of samples collected from 1972 through 1978 at 10 observation wells at sites in a spray field southwest of Tallahassee ( fig. 1) . Results of all analyses for chlorinated insecticides, chlorophenoxy acid herbicides, polychlorinated biphenyls, and polychlorinated naphthalenes were below minimum detection limits.
In a Michigan study (Dunlap and others, 1977) at a Muskegon County rapid infiltration plant, 59 organic contaminants were detected before waste treatment, 19 after lagooning, and only 8 in the final effluent after irrigation. This plant used tiles to underdrain the system so the runoff from the irrigation was collected and pumped into a nearby creek with minimum effect on the associated ground water. At most rapid infiltration plants, influent water percolates down to the ground-water aquifer or evaporates to the atmosphere.
Researchers at a rapid infiltration site in Phoenix, Ariz., assessed the effectiveness of the removal of trace level organics from wastewater by analyzing treated effluent and soil cores from the infiltration basins and ground water from monitoring wells (Tomson and others, 1981) . Recognizing that adsorption, volatilization, and biodegradation are the three major mechanisms for compound removal, the study reported that removal efficiencies vary In Roswell, N.M., a slow-rate irrigation site was investigated for a period of one year to determine the long-term effects of land application of municipal wastewater (Koerner and Haws, 1979) . The authors concluded that none of the pesticides endrin, lindane, methoxychlor, and toxaphene, nor the herbicides 2,4-D and silvex were found in the irrigation effluent or in the ground water in concentrations greater than the established maximum contaminant levels (MCL) specified by the National Interim Primary Drinking Water Regulations.
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DESCRIPTION OF STUDY
A description of the 15 municipal wastewater treatment plants selected for study are shown in figure 1 and table 1.
Plant Selection
The plants were selected using the following criteria:
1. The plant used land application of effluent for more than 5 years; 2. Preference was given to land application plants that were located in areas where the surficial aquifer is used as the primary or secondary source of public water supply;
3. The land application plant had a monitoring well network; and 4. Large capacity plants were given preference over smaller capacity plants because these plants were thought to be more representative of the organic quality at other wastewater-treatment plants in Florida. However, in order to ensure statewide coverage, four plants serving a population of less than 10,000 were included in the reconnaissance. Ground-water samples were collected from existing monitoring wells at each treatment plant. The well selected for sampling was adjacent to and downgradient from the plant's percolation pond or spray field. Often, more than one monitoring well was available for sampling at a treatment plant. In these cases, existing data for these plants were examined and the well with the greatest concentration of chloride and nitrate and greatest specific conductance was selected for sampling. A description of the ground-water monitoring wells sampled is given in table 3. At the Tallahassee plant, one monitoring well was sampled at each of the two spray fields. The reconnaissance was made in two sampling phases. The first phase (phase I) was conducted from April through August 1983. During phase I, the effluent at the 15 plants was analyzed for several major groups of organic compounds which included volatile compounds, base/neutral-extractable compounds, acid-extractable compounds, organophosphorus insecticides, organochlorine insecticides and related compounds, polychlorinated biphenyl compounds (PCB), and the gross organic indicator, total organic carbon (TOC) (table 4). The results of the phase I analyses were used to evaluate which specific compounds, within each group of major compounds, were present in the various plant effluents, and, therefore, potentially present in the ground water near the area of disposal.
During phase II (October 1983 through May 1984), the effluent and water from a representative monitoring well at each plant was sampled. The analytical coverage for phase II was limited to only the groups of organic compounds which included those specific compounds detected in the plant effluent during phase I. For example, if only chloroform was detected in the effluent from a plant during phase I, then chemical analyses of phase II (effluent and ground water) were limited to volatile organic compounds. 
Sampling Procedures
Effluent and ground-water samples analyzed for organic compounds were collected to assure that the sample came in contact only with Teflon 1 , stainless steel, or glass. The use of these materials reduced the possibility of contact with plastics, organic glues and solvents, and other types of materials that might bias the concentration of:organic contaminants in the sample, However, many of the wells sampled were cased with polyvinylchloride (PVC) pipe from which organic glues and solvents, and plasticizers containing phthalates may be leached.
The effluent samples from the holding pond, percolation pond, or discharge pipe were "grab samples," collected by dipping a stainless steel collection container, that had been cleaned and rinsed with reagent-grade methanol and organic-free water, directly into the effluent.
1 Use of the brand name Teflon in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey.
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The samples to be analyzed for organic compounds other than the volatile compounds were transferred directly into glass containers with Teflon-lined screw caps. The effluent samples for volatile compounds were collected in duplicate by inserting a 40-milliliter (ml) glass vial into a displacement sampler that was lowered through the water column, and by flushing the vial three times with sample water before collecting a sample. The sample was then brought near the water surface and capped underwater with Teflon-lined screw caps. This technique reduced the possibility of volatilization of the volatile gases during the collection procedure.
For ground-water samples, three to five casing volumes of well water were purged from the well prior to sampling by using a centrifugal or submersible pump. All samples, except volatiles, were collected by pumping through Teflon tubing and a Teflon stopper directly into the glass collection bottle. Samples for volatile compounds were collected using a Teflon bailer and transferred to two 40-mL septum vials. All samples for organic analyses, except TOC, were chilled to 4°C immediately after collection and shipped by a 24-hour delivery service to the U.S. Geological Survey National Water-Quality Laboratory-Atlanta, in Doraville, Ga. Samples for TOC analysis were chilled to 4°C and shipped to the U.S. Geological Survey Water-Quality Service Unit in Ocala, Fla. Samples collected for volatile compounds during the second phase of sampling were treated with sodium thiosulfate to minimize the reaction of chlorine with naturally occurring organics to form halogenated compounds. It is noted that a comparability analysis between the untreated and treated procedures was not made. All bottles and glassware used in the study were cleaned in the laboratory according to quality assurance procedures described by Friedman and Erdmann (1982, p. 21) .
Analytical Methods
Samples were analyzed in the U.S. Geological Survey Laboratories in Doraville, Ga., and Ocala, Fla., for the organic constituents listed in table 4 using methods described in Wershaw and others (1983) .
During phase I, base/neutral-and acid-extractable (BNA) compounds were detected by flame ionization detector (FID), or mass spectrometer (MS) detector, following gas chromatography (GC) separation. BNA sample extracts from plants 1, 2, 3, 4, 8, 9, and 10 were screened for the presence of organic compounds using GC/FID. Specific compounds were not identified by the FID, but their presence was indicated and approximate concentrations of detected compounds were calculated. If the total concentration of organic compounds detected by the FID in an effluent sample from phase I was estimated to be greater than 100 MS/I** GC/MS analyses were performed on samples from the effluent and ground water from that plant during phase II.
BNA sample extracts from plants 5, 6, 7, 11, 12, 13, 14 , and 15 were analyzed by GC/MS with no prior FID screening. Organic compounds detected were individually identified and quantified, but identifications by the MS detector were limited to those listed in table 4 as BNA extractable. 14 U.S. Geological Survey procedures for laboratory quality assurance are described in Friedman and Erdmann (1982) . Additional procedures specific to each method are described in Wershaw and others (1983) . The laboratory participates in the U.S. Environmental Protection Agency (EPA) Quality Assurance Performance Evaluation Program, the U.S. Geological Survey Standard Reference Water Sample Program, the U.S. Geological Survey Florida District Quality Assurance Program, and the U.S. Geological Survey Blind Sample Program.
Field sampling quality assurance procedures included the collection of field blanks and duplicate samples. General quality assurance procedures used for field sampling are found in U.S. Environmental Protection Agency (1982) and Friedman and Erdmann (1982) .
RESULTS
A summary of the analytical results of specific organic compounds that were detected in the effluent and monitoring well at each of the 15 treatment plants during both phase I and II is given in table 5. To illustrate the general distribution, the occurrence of the six most commonly detected organic compounds in treatment-plant effluent (in one or both samples) is shown in figure 2 . This overview suggests that selected organophosphorus, organochlorine, and volatile compounds were rather ubiquitous. For instance, diazinon was detected in the effluent at 12 plants, and malathion was detected at 5 plants. The organochlorine insecticide, lindane, was found at 8 plants, and the effluent at 11 plants contained detectable concentrations of the volatile compound, chloroform, An explanatory note regarding the approach to data enumeration for the following presentation of results is provided. Specific organic compounds, for example, volatiles and organophosphorus insecticides, are arranged in groups primarily on the basis of analytical method. Many samples collected during this reconnaissance had more than one specific compound within a group present in detectable concentrations. For example, diazinon and malathion, in the organophosphorus insecticide group, were detected in several effluent samples. Therefore, in order to simplify the presentation of these data, the sum of all the specific compounds for each group of organic compounds for a sample was determined. This collective concentration for a sample is referred to as the "aggregate concentration" for that group. Mean aggregate concentration is the average of the collective sums of all specific compounds for a group for the two effluent samples at each plant.
Additionally, statistical liberty was taken in preparing the following illustrations (1) by assigning a 0 (Jg/L concentration to censored data (data reported as concentrations below analytical detection), and (2) in referring to the aggregate concentration of a single sample of well water as a mean.
Distribution of Organic Compounds in Treatment Plant Effluent
The distribution by ranges of mean aggregate concentrations of volatile and insecticide compounds in the effluent at the 15 plants is shown in figures 3 and 4, respectively.
Volatile organic compounds were detected in the effluent at 12 of 16 sampling locations at the 15 plants ( fig. 3) . Chloroform was the most common, occurring at 11 plants. The greatest average aggregate concentrations were 60 and 59 (Jg/L, respectively, at plant 5 (Palm Coast Utility Corporation) and plant 11 (St. Petersburg Northwest No. 3 Wastewater Plant) . Both plants, however, indicated a large two-sample range in aggregate concentration and specific composition. The concentrations of organophosphorus insecticides and organochlorine compounds in the effluent and in water from the associated monitor well at selected treatment plants are shown in figures 6 and 7. (Note data for some monitoring wells were not available.) The water from only three monitor wells indicated organophosphorus insecticides above detection limits, and organochlorine insecticides were not detected.
The data collected during this reconnaissance indicated that numerous organic contaminants (primarily chloroform, diazinon, lindane, and malathion) were common in the effluent from treatment plants. These same contaminants, however, were not commonly detected in water from associated monitor wells. These results suggest that at many plants the organic contaminants may have been altered or retained during the spreading or percolation process. However, this conjecture is based on a very limited sampling, and it is also noted that four monitor wells indicated detectable concentrations of either chloroform or trichloroethylene, and three indicated detectable diazinon concentrations.
SUMMARY
A reconnaissance sampling of selected organic compounds in effluent and shallow ground water at 15 municipal wastewater treatment plants in Florida that use land application disposal methods was conducted from April 1983 through May 1984. The scope of the reconnaissance included collecting one or two effluent samples and one sample of ground water from a nearby monitor well at each plant. The primary purpose of the reconnaissance was to determine the identity and concentration of specific organic contaminants in effluent and local ground water, and to assess if the organic contaminants of the effluent appear to have contributed to contamination of ground water in the immediate vicinity of the wastewater disposal plants.
Analytical results of 2 effluent samples from the 15 plants indicated trace concentrations of volatile organic compounds (predominantly chloroform) at 12 of the 15 plants. It is likely that the presence of chloroform in the effluent was the result of chlorination. The maximum aggregate concentration of volatile organic compounds was 120 pg/L (110 M8/L chloroform and 10 |Jg/L dichlorobromomethane) in an effluent sample collected in June 1983 at plant 5 (Palm Coast Utilities Corporation); however, no volatile organic compounds were detected in a second effluent sample collected in October 1983. Most effluent samples collected at the other plants indicated volatile organic compounds below 50 Mg/L, and three plants indicated no detectable volatile organic compounds.
Organophosphorus insecticides were detected in the effluent at 12 of the 15 plants and organochlorine compounds were detected at 8 of the 15 plants. The predominant organophosphorus compounds detected were the widely used household insecticides, diazinon and malathion. The maximum organophosphorus concentration of 1.5 pg/L (diazinon) was detected in the effluent sample collected at plant 15 (City of Sunrise Utilities Plant) in December 1983. Lindane was the most commonly occurring organochlorine insecticide, and the maximum concentration was 1.0 M8/L detected in an effluent sample collected at plant 2 (Garnier Beach Sewage Treatment Plant) in July 1983. Detectable concentrations of volatile organic compounds and organophosphorus insecticides were present in water from only a few monitoring wells. Organochlorine insecticides were not detected in any samples from the monitoring wells. The general absence of organic contaminants in the water samples collected from monitor wells suggests that the few volatile and insecticides compounds commonly found in the effluent of the treatment plants are not percolating into local ground water at many plants. This observation, however, is based on very limited data, and it is also noted that a few monitor wells did indicate the presence of organic contaminants.
